The Sentinel Distributed Database (SDD) is a database of patient administrative healthcare records, derived from insurance claims and electronic health records, sponsored by the US Food and Drug Administration for evaluation of medical product outcomes. There is limited information on the validity of diagnosis codes for acute venous thromboembolism (VTE) in the SDD and administrative healthcare data more generally.
Introduction
This paper describes the results of a chart validation study of potential cases of acute venous thromboembolism (VTE) ascertained from the Sentinel Distributed Database (SDD). The SDD is a repository of longitudinal, patient-level medical, and prescription data from large health insurers and integrated care delivery systems that are converted to a common data format. [1] The SDD and the Sentinel program are sponsored by the US Food and Drug Administration (FDA) for active safety surveillance of marketed medical products. As of August 2015, the SDD had 351 million person-years of longitudinal patient-level data for 193 million US health plan members from 2000 to 2015. [2] Periodic endpoint validation studies provide an essential foundation for the design and interpretation of epidemiologic studies based on administrative healthcare data. [3] Prior validation studies conducted outside the SDD indicate that the positive predictive value (PPV) of administrative diagnosis codes for VTE can be variable, depending on factors such as the specific endpoint definition, data source, clinical setting (e.g., inpatient or outpatient), and patient characteristics such as age and other risk factors (e.g., recent hip replacement surgery). [4] To date, the only data on the validity of VTE diagnosis codes within the SDD come from a study of the risk of incident VTE in young women following human papilloma virus (HPV) vaccination. [5] To provide additional information on the validity of VTE diagnoses within the SDD, we report on the PPVs associated with inpatient VTE diagnoses identified as part of an intravenous immune globulin (IGIV) safety assessment. [6] 2. Methods
Data sources and study population
The administrative healthcare data and medical charts used to ascertain and validate potential VTE cases came from 13 SDD Data Partners (i.e., large insurers and integrated care delivery systems) who participated in the protocol-based Sentinel assessment of thromboembolic events following immunoglobulin administration. [6] Potential cases from the years 2006 to 2012 were selected for chart review if an inpatient VTE diagnosis code was recorded in the SDD up to 1 month following a non-specific IGIV treatment episode that occurred in an outpatient care setting. A complete description of the criteria used to select potential cases can be found in the Appendix, http://links.lww. com/MD/C129.
IGIV is used in the treatment of primary and secondary immunoglobulin deficiencies, and a variety of inflammatory and autoimmune disorders (e.g., chronic demyelinating polyneuropathy and immune thrombocytopenia). [7] Additional details concerning the design and objectives of the parent study have been described previously. [6] To provide additional context, descriptive characteristics on the potential VTE cases for whom chart review was possible are provided in Table 1 . These health conditions were defined as previously described in the study protocol. [6] The data presented in this paper were collected as part of a public health surveillance activity conducted under the auspices of the FDA Sentinel Initiative. For this reason, the collection and analysis of these data did not qualify as human subjects research under the Common Rule and were not subject to Institutional Review Board (IRB) review. [8] [9] [10] The study consisted of a secondary analysis of existing healthcare records, and obtaining informed consent from the included patients was not required.
Case identification and chart retrieval
The endpoint definition used to identify potential VTE cases from the SDD consisted of any of the following International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes for lower-extremity or siteunspecified deep vein thrombosis (DVT) or pulmonary embolism (PE) originating from an inpatient hospital stay: 415.1x, 451.1x, 453.1, 453.2, 453.4x, and 453.9. Associated descriptions for these diagnosis codes are listed in Appendix Table A1 , http:// links.lww.com/MD/C129. We did not include diagnosis codes for upper-extremity DVTs because they are often attributable to central lines, a potential source of time-varying confounding for the IGIV risk assessment.
Within the Sentinel Common Data Model, diagnosis codes associated with inpatient encounters are categorized as principal, secondary, or "unable to classify" (i.e., position unspecified). These classifications reflect standard coding practices and the addition of a third category to accommodate heterogeneity across Sentinel Data Partners in how encounters and coding positions [11] inpatient diagnoses are coded as follows:
Principal diagnosis: The condition established after study to be chiefly responsible for occasioning the admission of the patient to the hospital Secondary diagnosis: A condition also present on admission, that developed during the hospital stay, or that influenced the care of the patient or length of stay
In the SDD, there are also position-unspecified diagnoses that cannot be classified as principal or secondary. These diagnoses codes may represent diagnoses originating from non-facility claims associated with an inpatient stay, e.g., a physician services claim submitted separately from the facility claim. Codes of this type generally come from claims-based Data Partners.
Qualifying inpatient encounters with a VTE diagnosis code listed in a principal or unspecified position were selected for review. Secondary inpatient VTE diagnoses were excluded because the VTE safety assessment did not focus on inpatient IGIV treatments or VTEs that developed during a hospital stay. (Secondary diagnoses are more likely to represent conditions that develop during a hospital stay, and VTE often arises during hospitalization due to immobility, injury, or surgery.) For a small number of cases with position-unspecified VTE diagnoses, a secondary VTE diagnosis was also recorded during the same index VTE hospital encounter. We report results separately for these cases because the presence of a secondary inpatient VTE diagnosis may be associated with a higher PPV for acute VTE.
For each potential VTE case meeting eligibility criteria, Sentinel Data Partners were asked to retrieve a medical chart corresponding to the hospital encounter during which the VTE diagnosis was recorded. In this validation report, we restricted the denominator for our PPV calculations to the subsample of potential cases for whom we received a chart that was sufficiently complete to determine whether an acute VTE occurred (Fig. 1 ).
Chart abstraction
A trained nurse abstractor (LP or KP) reviewed the medical chart (s) associated with the index VTE hospital encounter. The abstractor recorded information concerning symptom onset, clinician notes, diagnostic testing including D-dimer and imaging results, and other factors relevant for the IGIV safety assessment.
Adjudication
Completed abstraction forms (and copies of the medical charts, if necessary) were reviewed by a board-certified hematologist (AC or USP). Adjudication criteria for acute VTE, shown in Table 1 , were based on the clinical definitions used in the Worchester Venous Thromboembolism Study. [12] Based on the documentation available in the charts, potential cases were adjudicated as a definite, probable, possible acute VTE, no acute VTE, or as unknown due to insufficient information.
For reasons discussed previously, upper-extremity DVTs were excluded from the study endpoint definition in the parent study on IGIV safety. For our primary PPV calculations presented in Table 2 , confirmed upper-extremity DVTs were counted as false positives. Since upper-extremity DVTs may be of interest for other research questions, we also present PPV statistics with these events counted as true positives in Appendix Table A2 , http:// links.lww.com/MD/C129.
Positive predictive value (PPV) calculation
We calculated the PPV of the VTE diagnoses codes identified in the SDD by dividing the number of confirmed VTE cases (definite, probable, or possible) by the total number of cases for whom a www.md-journal.com sufficiently complete chart was obtained for the index VTE hospitalization. Potential cases adjudicated as having an unknown VTE status due to insufficient information were removed from the denominator for the PPV calculation (Fig. 1) . Exact binomial 95% confidence intervals (Clopper-Pearson) were calculated for the PPV estimates to quantify their precision.
Comparison of diagnosis date and VTE onset
For confirmed VTE cases (definite, probable, or possible), we also evaluated the degree of correspondence between the VTE diagnosis date recorded in the administrative data (in the SDD, this would be the admission date associated with the hospital encounter) and the date of initial onset of VTE signs/ symptoms. VTE onset can be insidious and may not prompt all patients to seek immediate medical care; in addition, the initial diagnosis and treatment of VTE may first occur in an outpatient setting for some patients. For these reasons we also report on the distribution of the difference in days between the admission date for the index VTE hospital encounter, as recorded in the SDD, and the initial onset of VTE signs and/or symptoms, as recorded in the patient's chart.
Results
One hundred twenty-one post-IGIV VTE cases were identified in the SDD in 2006 to 2012; required charts could be obtained for 75 (62%) of these patients. Common reasons that charts were unavailable included an inability to map the encounter record in the SDD to patient and provider identifiers required for chart requests, an inability to locate the medical chart corresponding to the requested encounter, and refusal by the healthcare provider.
(See Appendix Table A3 , http://links.lww.com/MD/C129 for a complete list of reasons that charts were unobtainable.) Of the 75 cases for which charts were available, 72 were from claims-based Data Partners, and 3 from integrated care delivery systems. The median patient age was 56 years; 44% were female. As described previously, all of the patients were identified as potential post-IGIV VTE cases; possible indications for IGIV are described in Table 2 . Based on administrative data records from the 6 months prior to the index VTE hospital encounter, these patients appeared to have a high burden of VTE risk factors, including history of VTE (24%), recent hospitalization (53%), conditions associated with limited mobility (57%), and cancer (56%). Additional descriptive information on these patients is provided in Table 2 .
Acute VTE status could be determined for 62 potential cases, of which 38 were confirmed by physician adjudicators (36 definite VTEs and 2 possible; see Fig. 1 ). For the 2 possible cases, definitive diagnostic testing results were not available in the charts, but a physician diagnosis was documented and anticoagulation therapy was initiated. The PPVs for the inpatient VTE diagnoses recorded in SDD were 61% overall (38/62, 95% CI: 48-73%), 90% (27/30, 95% CI: 73-98%) for principalposition diagnoses, 80% (4/5, 95% CI: 28-99%) for secondary diagnoses, and 26% (7/27, 95% CI: 11-46%) for positionunspecified diagnoses. Additional PPV statistics stratified by coding position, ICD-9-CM diagnosis code, Data Partner type, prior acute VTE diagnosis, and prior oral anticoagulant use are provided in Table 3 . PPVs were higher among patients without a history of VTE or anticoagulant use recorded prior to the index hospital encounter.
Upper-extremity DVTs were not included in our study endpoint definition because they are often attributable to central lines, a potential source of time-varying confounding for the IGIV risk assessment. Seven patients had upper-extremity DVTs, which are counted as false positives in the estimates above. If these cases were counted as confirmed events, the overall PPVs for the endpoint definition would be 73% (45/62, 95% CI: 60-83%) overall, 93% (28/30, 95% CI: 78-99%) for principal diagnoses, 80% (4/5, 95% CI: 28-99%) for secondary diagnoses, and 48% (13/27, 95% CI: 29-68%) for position-unspecified diagnoses. PPVs for PE codes improved only slightly (from 68% to 71% overall), whereas PPVs for DVT codes improved from 54% to 75% overall with the inclusion of the upper-extremity DVTs as confirmed cases. A more detailed breakdown by subgroup is provided in Appendix Table A2 , http://links.lww.com/MD/ C129.
For a significant number of the confirmed VTE cases, VTE onset occurred prior to the day of hospital admission. Figure 2 shows the difference in days between the VTE symptom onset date (i.e., the first date on which clinical sign/symptoms consistent with VTE were reported) and the index hospital admission date for 32 of the 38 confirmed VTE cases. For the other 6 confirmed cases, the onset date was indeterminate. On average (median value), VTE onset was 1.5 days prior to the admission date (range: 19 days prior to 4 days after admission). It should be noted that the more remote symptom onset dates (more than a few days prior to hospital admission) may be less precise, as they are based on patient recall and self-report.
Discussion
In this chart validation study, which relied on data from a protocol-based assessment of the risk of thromboembolic events following IGIV treatment, [6] we evaluated the validity of inpatient administrative diagnosis codes for PE or lowerextremity or position-unspecified DVT within the SDD. We found that PPVs were high for principal diagnoses (90%, 95% CI: 73-98%), somewhat lower for secondary diagnoses (80%, 95% CI: 28-99%) though uncertain due to data sparseness, and low for position-unspecified diagnoses (26%, 95% CI: 11-46%). We also found that the PPV of acute VTE diagnosis codes was considerably lower among patients with a prior VTE diagnosis code (recorded in any setting during the prior 6 months) than in patients without such a diagnosis (25% vs 70%). This finding suggests that an extended washout period for VTE outcome codes prior to the start of follow-up may be preferable in future SDD studies of VTE risk if chart confirmation of study outcomes is not possible.
The high PPV of principal-position inpatient ICD-9-CM codes for DVT and pulmonary embolism is consistent with the results of prior chart validation studies, which have reported PPVs of 80% to 100%. [4, 13] Secondary inpatient DVT and PE codes have generally been associated with lower PPVs (30-80%). [13] [14] [15] [16] [17] Our PPV point estimate for secondary diagnoses falls within the upper end of that range; however, the confidence intervals for that estimate are wide. Between-study variation in PPV estimates [12, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] may be explained by differences in the coding algorithms used to ascertain potential cases, chart-validation criteria, patient populations, the nature of the administrative data used to ascertain potential cases, and sampling error. In a previous Sentinel safety assessment that evaluated the association between the Gardasil vaccine and VTE, [5] the reported PPV for inpatient VTE diagnoses was 64%, similar to our overall VTE PPV estimate of 61%.
An important finding from our study was that positionunspecified inpatient VTE diagnoses appear to have a lower PPV for acute VTEs. In the SDD, a position-unspecified diagnosis can represent a diagnosis associated with a hospital stay that was not recorded on a facility claim, such as a diagnosis recorded on a professional claim. In the absence of an acute VTE discharge diagnosis recorded on an inpatient facility claim, it appears that a large number of these diagnoses reflect one or more of the following: a history of VTE, chronic VTE, consideration of acute VTE as part of a differential diagnosis, and/or diagnostic testing for acute VTE. In the future, researchers may consider excluding position-unspecified inpatient diagnosis codes (and their analogs outside the SDD) from their VTE endpoint definitions, particularly if chart review for case confirmation is not possible. It is worth noting that the estimated PPV for position-unspecified VTE diagnoses increased meaningfully, from 26% to 48%, when upper-extremity DVT cases were counted as confirmed events. One possible explanation is that coding may be less precise for physician/provider claims compared with hospital/institutional claims. A limitation of our study was that medical charts were unobtainable for 38% of potential post-IGIV cases identified in the SDD. However, the typical reasons that charts were unavailable (e.g., unable to link SDD records to patient or provider identifiers) did not give us reason to suspect that our analyzable sample was systematically different than the total set of potential cases identified. Another limitation was that our sample of potential post-IGIV VTE cases represents a unique patient group with a variety of indications for IGIV use, including a number of rare autoimmune/inflammatory conditions and immune disorders. This may limit the generalizability of our results to patient populations that differ significantly in terms of health status, age, comorbidity, history of VTE, and other VTE risk factors such as recent hospitalization and impaired mobility.
To our knowledge, a novel aspect of this validation report is the inclusion of data concerning how well the VTE diagnosis date recorded in the administrative data corresponded to the date of initial VTE symptom onset recorded in the patient's medical chart. Among the 32 confirmed VTE cases with information on event timing, initial symptom onset occurred on the hospital admission date in 8 cases, but occurred days or weeks prior to admission in a significant number of cases (median date of onset = 1.5 days prior to admission). In a traditional cohort study with sufficiently long follow-up, this discrepancy in dates may be unimportant. However, event timing is particularly important in self-controlled studies and other assessments of acute, transient risk following exposure. For such studies, the fact that the hospital admission date and symptom onset date coincided exactly for only 25% of confirmed cases could be an important consideration. In future validation studies of VTE and other health outcomes of interest with the potential for an insidious onset and/or delay between the onset of symptoms and initial presentation for medical care, we would encourage investigators to report on how well the diagnosis dates recorded in the administrative data aligned with the true event start date or initial onset of signs and symptoms.
Our study indicates that principal-position inpatient ICD-9-CM diagnosis codes for DVT and PE recorded in the SDD have a high PPV (90%) for acute VTE, similar to what past validation studies have reported for VTE administrative diagnosis codes in other populations. Position-unspecified inpatient diagnosis codes (i.e., diagnoses from professional claims associated with an inpatient encounter) may be less useful for the identification of acute VTE unless chart confirmation is feasible. To inform future VTE surveillance activities, additional research is needed to evaluate the validity of secondary diagnosis codes in the SDD, and how often principal and secondary diagnoses reflect out-ofhospital versus in-hospital events. Figure 2 . Distribution of the difference in days * between acute venous thromboembolism (VTE) symptom onset and the index hospital admission date among confirmed VTE cases. * A negative number indicates that VTE symptom onset occurred prior to the hospital admission date (day 0). VTE symptom onset is shown above for the 32 confirmed VTE cases for whom the date of onset could be determined; for 6 confirmed cases, the date of VTE symptom onset was indeterminate.
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